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Drying  is  usually  defined  as  the  removal  of  relatively 
LI  amounts  of  water  from  relatively  large  amounts  of  solids 
into  a  gas  or  air  strean. 

One  of  the  oldest  methods  of  drying  is  tray  or  shelf 
drying.  This  r.ethod  involves  passing  a  drying  medium  over  a 
wet  material  placod  in  a  tray.  A  modification  of  this  method 
is  through-circulation  drying.  This  method  essentially  consists 
of  using  a  tray  made  of  a  material  such  that  the  drying  air  may 
be  blown  through  the  tray  and  material  rather  than  just  over  it. 
For  through-circulation  drying  to  be  useful,  the  naterial  must 
be  of  a  porous  nature  that  will  allow  air  to  be  blown  through 
it, 

Hougen  and  Marshall  (5)  state  the  folio     advantages  of 
through- drying  over  tray  drying  or  cross  circulation  as  follows: 

1)  Through- circulation  drying  in  nearly  every  instance  is 
much  more  rapid  than  the  corresponding  cross  circulation 
problem.  This  is  the  most  spectacular  difference, 
because  drying  tines  for  through-circulation  arc  usually 
:  easired  in  terms  of  minutes  as  compared  with  hours  for 
cross  circulation, 

2)  A  continuous  drying  operation  is  mado  possible  with 
through- circulation  drying,  thus  making  it  suitable  for 
a  continuous  flow  process. 

3)  The  product  from  through-circulation  drying  is  usually 
in  suitable  form  for  subsequent  processing  since  riost 
operations  following  drying,  such  as  crushing,  grinding 
or  packaging,  are  performed  more  readily  on  a  material 
which  has  a  uniform  degree  of  subdivision, 

k)   There  is  generally  less  labor  involved  in  the  operation 
of  through-circulation  driers. 


5)  Since  dr     time  is  shorter,  the  material  is  not  i 
posed  to  high  temperatures  Tor  so  long  a  tine. 

6)  A  more  uniform  product  is  obtained. 

They  also  state  the  disadvantage  that  the  pressure  drop  in 
through-circulation  drying  increases  power  costs  somewhat. 

With  these  things  in  mind  the  purposes  of  this  investigation 
were  to: 

1)  Obtain  basic  data  on  the  through-drying  characteristics 
of  wet  potato  granules  for  possible  use  in  a  pilot 
plant  through- drying  process.  The  main  variable  being 
considered  was  particle  size  of  the  granules.  The 
pilot  plant  through-drier  under  consideration  is  one  in 
which  wet  potato  granules  would  be  continuously  fed  into 
the  top  of  a  cylinder.  Drying  air  would  be  blown  up 
through  the  cylinder  whilo  an  air-lock  continuously 
discharged  dried  potatoes  from  the  bottom  of  the  cylinder. 
The  necessary  data  for  this  proposed  drier  would  bo: 

a)  Drying  rate  data  (i.e.,  how  fast  does  a  single  par- 
ticle dry).  The  rate  at  which  the  entire  mass  of 
granules  dries  is  determined  by  the  psyehromotric 
properties  of  the  air  passing  through  the  ~..ass.  The 
rate  at  which  a  single  particle  dries  determines  liow 
long  any  single  granule  trait  bo  kept  in  the  drying 
air. 

b)  Data  on  the  length  of  the  "zone  of  vaporization" 
(i.e.,  what  would  be  the  minimum  length  of  the  drying 


cylinder,  to  keep  pressure  drop  low,  such  that  the 
portion  over  which  drying  occurred  would  bo  entirely 
contained  in  the  cylinder) ♦ 
2)  Evaluate  a  now  method  for  the  determination  of  drying 
rates,  Th*   classical  method  of  determining  drying  rates 
involves  sone  drying  process  which  is  periodically  inter- 
rupted so  that  weight  changes  in  the  sample  may  be  deter- 
mined. In  this  study  a  method  was  used  which  is  continuous 
and  involves  only  Initial  and  final  moisture  content  of 
the  material  being  dried  (as  far  as  weight  measurements 
are  concerned) . 

THEORY 

The  "Zone  of  Vaporization" 

This  theory  may  be  developed  by  the  consideration  of  a 
porfectly  insulated  cylinder  filled  with  potato  granules  (Fig.  1 
of  Plate  I),  nearly  bone  dry  air  is  fed  into  the  top  of  this 
cylinder.  This  air  will  have  a  definite  drying  effect  on  the 
granules  with  the  result  that  after  a  given  length  of  time  the 
portion  marked  A  is  dry  while  the  portion  marked  B  is  still  wet. 
This  drying  effect  operates  over  a  definite  portion,  Z,  of  the 
wet  granules  and  this  region  is  frequently  referred  to  as  the 
"zone  of  vaporization"  (1).  Consider  this  "zone"  a3  arbitrarily 
divided  into  four  increments  dZx,  dZs,  d^,  and  dZ^, 
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.porature  CI         in  the  Bed 

The  granules  in  the  increment  dA'  have  just  reached  an 
"equilibrium  moisture  content"  such  that  tho  vapor  pressure  of 
the  moisture  in  the  granules,  at  i^  (the  temperature  of  the 
entering  air),  is  in  equilibrium  with  the  partial  pressure  of 
the  water  in  the  incoming  air.  Since  equilibrium  now  exists 
between  the  entering  air  and  the  granules  in  dA',  no  overall 
heat  or  mass  transfer  will  occur  as  the  entering  air  passes 
through  this  portion  (dA1)  or  the  dried  portions  above  it. 

The  granules  in  dZ^  are  almost  dry  but  still  contain  some 
moisture  which  is  evaporated  on  contacting  the  dry  air.  This 
exchange  results  in  evaporation  of  some  of  the  remaining  mois- 
ture with  a  corresponding  drop  in  temperature.  The  air  leaving 
increment  dZ^  is  not  yet  saturated  with  the  result  that  some 
moisture  from  dZ2  evaporates  causing  further  cooling.  The  air 
leaving  dZ2  is  not  yet  saturated  so  the  process  continues  until 
the  air  leaving  dZif  is  saturated  at  temperature  T2. 

The  situation  now  existing  is  that  shown  at  point  B  (Fig.  2 
of  Plate  I).  At  point  3  there  are  cool  potatoes  and  cool  sat- 
urated air.  As  tho  cool  air  passes  further  down  this  column 
through  somewhat  warmer  granules  than  at  point  3,  there  are  two 
boundary  conditions  existing,  while  the  actual  condition  must 
lie  between  these  two  boundary  conditions.  The  boundary  condi- 
tions are: 


1)  The  cool  air  will  undergo  no  heat  transfer  effects  and 
merely  pass  through  the  column  with  no  temperature 
change  (line  C  -  Fig.  2  of  Plate  I). 

2)  The  cool  air  will  be  heated  due  to  sensible  heat  trans- 
fer from  the  potatoes  but  this  heating  v:ill  not  result 
in  mass  transfer  of  water  from  the  granules  to  the  air 
(line  £  -  Fig.  2  of  Plate  I). 

The  actual  condition  is:  The  cool  air  will  be  continually  heated 
somewhat  due  to  sensible  htftt  transfer  from  the  potatoes,  -his 
continual  ^eating  will  result  in  an  increase  in  the  saturation 
capacity  of  the  air  with  the  result  that  there  will  be  some  mass 
transfer  of  moisture  into  the  air  with  a  corresponding  drop  in 
air  temperature.  The  result  of  this  process  will  be  such  that 
at  any  point  the  actual  temperature  will  be  somewhere  between 
the  two  boundary  conditions  as  shown  in  Fig.  2  -  line  D  (Plate  I). 
If  there  were  a  sufficiently  long  bed,  the  air  would  leave  satu- 
rated at  the  same  temperature  as  the  potatoes  at  the  bottom  of 
the  bed. 

There  are  several  indications  that  the  actual  condition 
discussed  above  really  does  exist.  The  observed  temperature 
gradients  alon^  the  length  of  the  column  are  similar  to  line  D  - 
Fig.  2  of  Plate  I.  Also  a  run  was  made  up  to  the  point  where  the 
"zone  of  vaporization"  just  started  to  leave  the  bed.  For  this 
run,  the  Initial  moisture  content  was  57»^  percent*  The  moisture 
content  of  tho  bottom  inch  of  the  bed  just  as  the  zone  started 
entering  this  portion  was  ^'5.3  percent.  This  indicates  that  a 
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small  amount  of  drying   did  occur  before  the  "zone"  actually 
entered  this  portion.  On  the  basis  of  those  data  the  assumption 
is  made  that  the  amount  of  drying  that  occurs  below  the  "zone" 
is  negligible  as  compared  to  the  far  greater  amount  of  drying 
that  occurs  in  the  "zone." 

With  the  assumption  that  all  the  drying  occurs  in  the  "zone," 
it  is  a  simple  matter  to  determine  the  rate  of  drying.  From  the 
preceding  discussion,  it  may  be  seen  that  each  increment  of  the 
"zone"  lias  a  certain  characteristic  temperature.  The  rate  at 
which  any  given  temperature  proceeds  down  the  column  is  then  the 
rate  at  which  the  "zone"  itself  moves  down  the  column.  Zhi  dry- 
ing rate  will  then  be  the  rate  of  movement  of  the  "zone"  tir.es 
a  factor  dependent  on  the  amount  of  water  removed  from  a  section 
as  the  "zone"  passes  through  it. 

Humidity  Changes  in  Air  Passing  Through  the  Bed 

A  concept  that  is  useful  in  understanding  the  discussion  to 
follow  involves  a  relationship  between  the  characteristics  of 
the  material  being  dried  and  of  the  drying  medium.  Zhlf  concept 
is  one  of  a  "moisture  unit,"  which  is  defined  as  that  amount  of 
moisture  held  by  the  material  being  dried,  which  will,  at  a 
given  flow  rate  of  drying  air  through  the  material,  cause  the 
air  to  gain  one  "humidity  uniU"  A  "humidity  unit"  is  defined 
as  a  unit  measure  of  humidity  in  any  arbitrarily  chosen  system 
of  units.  P«*  example  a  "humidity  unit"  might  be  ono  grain  of 
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II2O  per  pound  of  dry  air  or  on©  pound  of  II2O  per  pound  nolo  of 
dry  air. 

It  should  be  pointed  out  that  the  auount  of  moisture  con- 
stituting a  "moisture  unit"  is  not  constant  but  is  dependent  on 
the  humidity  of  the  air  going  through  the  material.  For  example 
consider  bone  dry  air  at  a  given  flow  rate  going  through  a  small 
amount  of  wet  material  have  three  "moisture  units"  (assume  one 
gnu  of  II2O  per  gm.  dry  solid  is  equal  to  one  "moisture  unit"  in 
this  case).  The  air  passing  through  this  wet  material  will,  by 
definition,  gain  three  "humidity  units,"  .'low  consider  a  case 
in  which  the  material  being  dried  has  the  same  moisture  content 
but  that  the  drying  air  is  already  70  percent  saturated.  Since 
the  drying  air  is  no  longer  bone  dry  a  moisture  content  of  three 
gm.  of  1x20  per  pound  dry  solid  is  no  longer  three  "moisture 
units,"  but  somewhat  less. 

Ihe  following  discussion  should  clarify  this  concept  so  :e- 
what.  Consider  Fig.  1  of  Plate  II  which  represents  a  bed  of 
wet  material  with  air  being  blown  In  from  the  top.  The  section 
A  is  dry  while  section  B  is  still  wet.  Section  Z  represents 
the  "zone  of  vaporization"  which  is  broken  up  in  six  increments. 

The  numbers  1,  2,  3»  and  h   in  the  various  increments  repre- 
sent the  number  of  "moisture  units"  arbitrarily  assigned  to  each 
increment  (e.g.*  for  dZ^j    the  number  "3"  indicates  that  this 
increment  of  granules  contains  enough  moisture  to  add  three 
"humidity  units"  to  air  passing  through  it,  providing  the  air 
going  through  it  already  contains  1+2=3  "moisture  units" 


EXPLANATION  OF  PLATE  II 

-j.  1»  Cylindrical  bod  of  potatoes  with  dry  air 
ling  blown  down  through  it 

A.  Dry  potatoes 

B.  V.'ot  potatoes 

"L  A.  "Zone  of  vaporization" 

Fig.  2,  Plot  of  humidity  of  air  leaving  the  bed  vs. 
-O  for  exanplo  cited  in  Theory 
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gained  from  increments  dZ^  and  dZ2.  Siallarlyf  the  number  "+" 
for  increment  dZ£  indicates  that  this  increment  possesses  enough 
moisture  to  add  four  "moisture  units"  to  the  air  providing  the 
air  already  contains  1  +  2  +  3  +  +++=!+  "humidity  units" 
gained  from  increments  d2]_  to  dZj.  The  air  leaving  dZ$  will  be 
assumed  saturated  so  no  drying  occurs  below  the  "zone." 

Consider  that  the  entire  "zone  of  vaporization"  lies  in 
the  bed  at  time  "1."  The  amount  of  humidity  gai-ed  by  the  air 
passing  through  the  bed  will  be  1+2  +  3  +  ++*+++=  13 
"humidity  units."  Consider  that  the  entire  "zone"  is  still  in 
the  bed  at  time  "2"  but  that  the  bottom  of  dZ^  is  just  at  the 
bottom  of  the  bed.  The  amount  of  humidity  gained  by  the  cir 
will  be  1+2  +  3  +  +  +  +++=  13  "humidity  units." 

At  time  "3"  the  "zone"  has  moved  even  further  down  and  now 
only  dZ-L  to  dZ^  are  in  the  column.  The  humidity  of  the  air 
leaving  is  now  only  1  +  2  +  3  +  +  +  *+=  lk-  "humidity  units." 
Consider  that  this  process  continues  until  the  bed  is  completely 
dry  (i.e.,  the  "zone"  is  completely  out  of  the  column).  The 
results  are  tabulated  below.  This  explanation  is  set  up  such 
that  the  increments  are  of  equal  length  and  the  "zone"  moves 
at  a  uniform  rate.  Under  these  conditions,  the  time  Tor  each 
Increment  to  completely  leave  the  column  will  be  equal. 
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Tine     Increments  in  column     Humidity  of  exit  air 

1  dZi  -  dZ6  1+2+3+**+^  =  13 

2  dZi  -  dZ6  l+2+3+l++)++if  =  13 

3  dZi  -  dZ<  1+2+3+1++*+  =  Ik 
k  dZi  -  dZl+  1+2+3+*+  =  10 

5  dZi  -  dZ3  1+2+3  ■  6 

6  dZx  -  dZ2  1+2  =  3 

7  dZx  -  dZi  1=1 

The  above  data  are  shown  Graphically  in  Fig.  2  of  Plato  II. 

Fron  Fig.  2  of  Plate  II  it  can  be  seen  that  as  long  as  the 
entire  "zone  of  vaporization"  lies  in  the  bed  (A  to  B),  ti 
humidity  of  the  air  leaving  is  constant  with  dH/dT  ■  0.  As  the 
"zone"  starts  to  leave  the  bod,  the  humidity  starts  to  drop  but 
as  long  as  increments  having  an  equal  number  of  "moisture  units" 
remain  in  the  bed  dll/dT  remains  at  a  constant  value  (B  to  C). 
When  only  increments  having  an  unequal  number  of  "moisture  units" 
remain,  the  humidity  continues  to  drop  but  dll/dT  is  no  longer 
constant (C  to  D), 

From  this  discussion,  it  may  be  seen  that  if  an  accurate 
plot  of  humidity  as  a  function  of  time  is  made  on  the  system 
from  the  tivio  the  "zone  of  vaporization"  starts  leaving  the 
bottom  of  the  bed  until  It  lias  completely  left  the  bed,  t 
nature  of  the  "zone  of  vaporization"  itself  may  be  evaluated, 

EXPERIMENTAL  STUDIES 

Theoretical  Approach 

As  stated  in  the  section  on  Theory,  the  drying  rate  will  be 
the  rate  at  which  the  "zone  of  vaporization"  moves  through  the 
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column  tines  a  factor  dependent  on  the  amount  of  moisture  removed 
from  a  given  section  during  tho  complete  passage  of  the  "zone" 
through  the  section. 

A  drying  cylinder  was  constructed  with  a  series  of  thermo- 
couples along  the  length  of  the  tube.  Whan  air  is  passed  downward 

rough  a  bed  of  wet  potatoes  in  the  cylinder,  a  ton. erature 
gradient  is  set  up.  With  the  thermocouples  it  is  possible  to 
follqw  this  temperature  gradient  as  it  moves  through  the  column, 
hence,  the  rate  of  movenent  of  the  "zone"  may  be  determined. 

A  sample  of  the  wet  potatoes  fed  into  the  drier  was  taken. 
When  the  temperature  gradient  indicated  that  the  upper  inch  of 
the  bed  was  dry,  the  run  was  stopped.  At  this  point  two  samples 
were  taken.  Since  tho  "zone"  had  passed  entirely  through  the 
upper  inch,  this  sample  represented  completely  dried  potatoes. 
Hence,  this  sample  and  the  wet  sample  gave  an  indication  of  the 
amount  of  moisture  removed  in  a  section  through  which  the  "zone" 
had  entirely  passed. 

The  second  sanplc  taken  ;:as  necessary  for  a  material  bal- 
ance. Since  the  run  was  stopped  before  the  "^one"  had  completely 
left  the  bed,  some  of  the  potatoes  in  tho  lower  section  of  the 
drier  were  still  wet.  Hence,  the  second  sample  consisted  of  all 
the  potatoes  remaining  in  the  drier  after  the  first  small  sample 
had  been  taken, 

A  material  balance  was  made  on  the  potatoes  removed  from 
the  drier  to  determine  the  amount  of  water  removed  during  the 
drying  period,  Eha  total  amount  of  air  flowing  through  the  bed 
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was  known  ana  the  change  in  humidity  or  the  air  going  through 
the  bed  as  a  function  of  tin       :o\.'n  from  humidity  measure- 
ments on  the  air  leaving  the  drier.  Therefore,  a. .other  material 
balance  could  be  Bade  on  the  air  to  determine  the  amount  of  water 
)ved  during  the  drying  period. 
The  determination  of  the  length  of  the  "zone"  \;as  basically 
a  matter  of  finding  the  vertical  distance  between  points  A  and 
B  in  Fig.  2  of  Plate  I.  However,  since  the  length  of  the  "zone" 
was  generally  very  close  to  the  depth  of  the  bed,  this  calcula- 
tion was  complicated  somewhat  and  is  fully  discussed  in  the 
section  on  Sample  Calculations. 

An  attempt  was  made  to  evaluate  the  nature  of  the  "zone" 
itself  by  following  the  humidity  of  the  exit  air  from  the  drier, 
This  was  done  with  a  piece  of  apparatus  (1  laies  III  and  IV)  si 
that  the  wet  and  dry  bulb  tcr.v  eratures  of  the  cir  could  be 
determined  at  various  time  intervals. 

Drying  Equipment 

In  this  section  each  piece  of  equipment  used  is  described 
and  its  general  specifications  given  together  with  the  reasons 
for  Its  use. 

All  equipment  used  In  this  investigation  may  be  seen  in 
Plates  IV  and  V.  The  relative  relationship  of  the  operational 
equipment  may  be  seen  on  the  flow  sheet  (I  late  III). 

Air  Source:  Ordinary  compressed  air  from  the  college  power 
plant  was  used  in  the  drying  experiments.  The  pressure  was 
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EXPLANATION  OF  PLATE  V 

Dchunidifier  and  heater 
A»  Cooler  containing  cooling  medium 

B.  Transformer  (220  to  110  volts) 

C.  Cooling  coil  of  two  inch  diameter  tubing 
(normally  inside  cooler  during  operation) 

D.  Heater 

E.  110  to  2k   volt  transformer  (for  thermo- 
stat), indicator  light  and  relay 
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controlled  by  a  small  globe  valve  to  meet  the  conditions  of  the 
syste  . 

Dehumidifier:   The  air  was  maintained  at  a  low  constant 
humidity  by  passing  it  through  a  dehunidifier.  Jhc  dehunidifier 
consisted  of  approximately  seven  feet  of  two  inch  diameter  gal- 
vanized tubing  soldered  into  a  "square  spiral"  arrangement  as 
shown  in  Plate  V. 

This  spiral  was  placed  in  the  bottom  of  a  cooler  (Plate  V) 
which  was  filled  with  a  50  percent  (by  volume)  solution  of  water 
and  ethylene  glycol.  After  the  cooler  had  been  in  operation 
about  two  hours,  the  outlet  temperature  of  the  air  came  to 
equilibrium  at  about  10°  F. 

Heater:  The  air  heater  (Plates  III  and  IV),  used  to  reheat 
the  air  after  it  left  the  condonser,  consisted  of  a  50  gallon 
drum  which  contained  six  1,000  watt  resistance  elements  arranged 
linearly  across  the  middle  of  the  drum.  The  temperature  of  the 
air  leaving  the  drier  was  controlled  by  a  thermostat  located 
inside  the  arm?,  ^ear  the  air  outlet.  The  amount  of  heat  given 
off  during  the  "on  period"  of  the  thermostat  cycle  depended  on 
the  number  of  resistance  elements  in  the  circuit  and  how  they 
were  wired.  For  this  work,  all  six  elements  were  always  in  the 
circuit  and  were  connected  in  a  series-parallel  arrangement 
(i.e.,  the  elements  were  arranged  so  that  groups  of  two  were  in 
series,  while  the  three  groups  of  two  in  series  were  in  parallel). 
In  order  to  get  a  uniform  te::i.  orature  inside  the  heater,  a  small 
fan  was  set  at  the  bottom  of  the  drum  to  keep  the  air  circulating. 


23 


The  thermostat  was  arranged  in  such  a  manner  that  its  set- 
ting could  be  controlled  by  a  screw  from  the  outside.  An 
indicator  light  served  to  show  when  the  heating  elements  were 
in  operation.  The  temperature  of  the  outlet  air  was  controlled 
to  plus  or  minus  2°  F.  after  the  system  came  to  equilibrium. 

Inlet  tar  Temperature  Thermocouple:  This  thermocouple 
(Plate  IV)  was  placed  In  the  air  line  between  the  heater  and  the 
drier  at  a  position  about  six  inches  from  the     ;  of  the  drier. 
Its  purpose  was  to  give  the  temperature  of  the  air  entering  the 
drior. 

The  arrangement  consisted  of  a  piece  of  lucite  rolled  into 
a  tube  with  the  thermocouple  wires  going  through  the  side  of  the 
tube  so  that  the  sensitive  junction  was  located  on  the  axis  of 
the  tube  (Plate  VII).  Short  pieces  of  3/3  inch  diametor  pipe 
were  glued  to  the  ends  of  this  plastic  tube  and  the  tube  was 
placed  in  the  line  by  placing  the  rubber  tubing  over  the  pipe. 

Drier:  The  drier  (Plate  VI)  consisted  of  a  16  inch  length 
of  two  inch  diameter  galvanized  tubing  with  a  screen  at  the 
bottom.  Thermocouples  were  installed  at  one  inch  intervals 
along  the  length  of  the  tube  for  a  total  length  of  12  inches. 
The  thermocouples  were  connected  to  the  side  of  the  tube  by 
first  wrapping  the  junction  with  one  layer  of  "Scotch"  tape  and 
then  securing  this  insulated  junction  to  the  tube  wall  by 
wrapping  rubber  tape  around  the  circumference  of  the  tube. 

In  order  to  minimize  heat  losses,  the  galvanized  tube  was 
insulated  by  placing  it  inside  an  aluminum  shell,  five  iuc.es 


:?LAMATION  OF  PLATE  VI 

Schematic  diagram  of  drier 

A.  Twelve  thermocouples  attached  to  tube 
(numb or ed  as  shown) 

. .  Rubber  gasket 

C.  Removable  top  of  drier 

D.  2,0  inch  dianeter  galvanized  iron  tube 
0.026  inch  thick  aluminum  outer  shell 

.  Verniculite  insulation 
G.  Screen 
II.  Twelve  point  multiple  connector 
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in  diameter,  and  the  annulus  filled  with  verniculite  insulation. 
The  drier  was  built  so  that  top  could  be  removed  for  filling 
with  potatoes  and  then  replaced  for  the  drying  operation. 

The  air  was  fed  into  the  top  of  the  drier  rat.ier  than  the 
bottom  to  eliminate  any  fluidization  effects.  It  was  found 
taat  when  the  air  was  blown  up  through  the  bottom  the  wet  bed 
as  a  whole  had  a  tendency  to  lift  and  as  drying  occurred  the 
individual  particles  would  blow  around  in  the  drier.  ..ith  this 
downflow  arrangement  the  bed  is  held  firmly     st  the  screen 
by   the  pressure  of  the  air. 

To  facilitate  the  handling  of  the  drier  the  thermocouples 
were  all  connected  to  a  12  point  multiple  connector  which  sim- 
plified the  removal  of  the  drier  from  the  electrical  system. 
The  rar.ioval  of  the  drier  from  the  mechanical  system  was  accom- 
plished by  pulling  off  the  inlet  and  outlet  hoses. 

Air  Flow  hoterinfi:  Slight  variations  in  the  pressure  of 
the  air  from  the  powerhouse  made  it  necessary  to  measure  the 
total  flow  rather  than  merely  to  control  just  the  flow  rate. 
This  was  accomplished  by  the  use  of  two  wet  test  meters  (Plates 
III  and  IV).  Air  leaving  the  drier  vent  to  a  tee,  one   leg  of 
which  went  to  the  humidity  measuring  equipment  and  the  other 
to  the  wet  test  meters.  Air  leaving  the  first  tec  normally 
entered  a  second  cee,  both  legs  of  whi^     t  to  a  wet  test 
meter. 

At  the  flow  rate  used,  1.5  ft. 3  per  minute,  it  was  found 
it  one  wet  test  meter  lacked  the  capacity  to  record  the  entire 
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flow  rate,  so  two  were  used,  these  wet  test  meters  were  in 
constant  operation  exo       _  humidity  r     js  ..ore  be' 
nade. 

.luaiiity  i  loasuremont:  This  measurement  was  „:ade  by  use  of 
a  device  (i latos  III  and  IV)  quite  siiilar  to  the  inlet  air 

-ature  thermocouple.  In  this  device,  however,  there  were 
two  thermocouples — one  above  the  other.   rhe  lower  thermocouple 
acted  as  the  dry  bulb  thermocouple  while  the  upper  one,   which 
had  the  junction  wrapped  with  filter  paper,  acted  as  the  wot 
bulb,  xhe   air,  diverted  irom  the  wet  test  meters,  entered  at 
the  bottom  of  this  device  and  was  expelled  to  the  atmosphere. 
Defore  each  reading,  the  wet  bulb  was  moistened  with  one  or 
two  drops  of  water  from  an  eye-dropper.  The      :or  of  the 
tube  was  such  that  the  air  passed  the  thermocouple  at  a  velocity 
of  about  25  feet  per  second. 

Switchboard;  Due  to  the  extensive  use  of  thermocouples, 
it  was  necessary  to  have  some  sort  of  switchboard  to  control 
the  signal  i.;to  the  potentiometer.  The  switchboard  (Plate  IV) 
consistod  of  a  board  28  inches  long  with  2^  aluminum  strips 
(only  15  of  which  were  used)  on  it.  The  strips  were  raised  on 
one  end  by  being  nailed  to  a  lA  inch  strip.   The  circuit  was 
closed  by  putting  a  weight  on  the  strip  which  would  close  the 
desired  circuit.  A  diagram  of  the  entire  tl    couple  system 
is  shown  in  Plate  VII. 

:celianeous;   The  thermocouple  readings  wore  made  on  a 
Leeds  and  ..orthrup  potentiometer  (Model  Uo,    J657-C).  Xhe  cold 


.ICPLAIJATIOIJ  OF  PLATE  VII 

Schematic  diagram  of  thermocouple  system 
-  -  Iron  wire 

Constantan  wire 


A.  Viet  bulb  thermocouple  of  humidity  measuring  device 
(thermocouple  Ho.  13) 

D.  Dry  bulb  thermocouple  of  humidity  measuring  device 
(thermocouple  Ho«  I1*-) 

C.  Thermocouple  for  measuring  temperature  of  air 
entering  drier  (thermocouple  lib.  15) 

D.  Reference  junction  (32°  F.) 

E.  Twelve  thermocouples  on  column 

F.  Switchboard 

G.  Leeds  and  l.'orthrup  potentiometer 
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junction  was  a  snail  thermos  bottle  filled  uith  ice.  All  thermo- 
couples were  iron-constantan. 

Experimental  Procedure 

Preparation  of  Potatoes:  This  method  is  a  modification  of 
the  method  of  preparation  presented  by  Bostock  (2). 

All  potatoes  used  in  this  investigation  were  of  the  Ued 
licClure  variety  purchased  as  needed  at  various  grocery  stores. 
For  this  reason  data  as  to  maturity,  length  of  storage,  etc. 
were  not  available, 

A  batch  of  about  five  pounds  of  potatoes  was  peeled,  nalved 
and  cooked  in  a  pressure  cooker  for  a  period  of  20  minutes  at  a 
gage  pressure  of  five  pounds  per  square  inch*  After  the  cooking 
was  completed,  the  pressure  cooker  was  placed  under  a  stream  of 
cold  tap  water  until  the  cooker  became  cool.  Upon  cooling,  the 
potatoes  were  removed  from  the  cooker  and  placed  In  a  tray  in  a 
freezer  and  frozen  at  a  temperature  of  0°  F. 

When  a  run  was  to  be  made,  the  potatoes  were  removed  from 
the  freezer  and  placed  in  a  stream  of  air  at  room  temperature 
for  approximately  1.5  hours.  At  the  end  of  this  thawing  time 
the  potatoes  were  dewatered.  The  dewatoring  consisted  of 
wrapping  several  thawed  potatoes  In  a  heavy  nylon  filter  cloth 
and  subjecting  then  to  3,000  pounds  per  square  Inch  pressure  in 
a  hydraulic  press  (Plate  VIII).  This  prossuro  removed  enough 
water  to  get  the  potatoes  down  to  a  moisture  content  of  approxi- 
mately 60  percent  (wet  basis).  This  dewatering  was  done  to 


EXPLANATION  OF  PLATE  VIII 
Press  for  dewatering  potatoes 
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remove  water  and  to  rot  the  potatoes  to  a  moisture  content  at 
vhich  the  potato  particles  possessed  relatively  little  stlcliiness. 

Miscellaneous  Preparation  Prior  to  Hunt  About  half  an  hour 
prior  to  the  actual  start  of  the  run,  the  heater  and  dehumidi- 
fier  (Plate  III)  were  placed  in  operation  at  about  the  desired 
air  flow  rate  to  allow  the  equipment  to  cone  to  equilibrium  by 
the  ti_:e  the  run  itself  started.  Also  the  thermos  bottle  for 

,e  cold  thermocouple  junction  was  filled  with  ice  and  all  the 
equipment  except  the  drier  was  connected. 

Loading  the  Drier:  As  soon  as  the  desired  amount  of  pota- 
toes had  been  dewatered  the  drier  was  filled.  The  operation 
was  performed  using  the  apparatus  shown  in  Plate  IX.  The  pota- 
toes were  for:.;ed  into  granules  of  the  desired  size  by  rubbing 
them  through  a  stainless  steel  screen  of  the  appropriate  ::cch. 
As  the  potato  particles  left  the  screen  they  fell  directly  into 
the  drier.  This  method  was  used  in  order  to  minimize  any  packing 
effect,  since  at  this  moisture  content  the  potato  particles  are 
very  compressible  and  any  handling  tends  to  form  them  into  a 
compact  iiass.  After  filling  the  drier  completely  to  the  top, 
the  upper  end  of  the  column  was  anchored  in  place.  At  tliis  point 
some  of  the  potatoes  which  had  adhered  to  the  sides  of  the  fill- 
ing apparatus  were  collected  as  a  wet  sample  for  determination 
of  moisture  content  of  the  inlet  potatoes. 

Drying;  After  the  drier  was  filled,  it  was  placed  in  posi- 
tion for  the  run  (Plate  IV),  the  necessary  electrical  and 
mechanical  connections  made,  and  the  run  started.  Five  minutes 


EXPLANATION  OF  PLATE  IX 

Arra::j    i  for  granulating  potatoes  and  filling  drior 
A»  Screen  in  position  for  granulation 

.  Funnel  attached  to  bottom  of  board  wit 

ole  in  center 

C.  Screen  (top  view) 

D.  Drier  ready  for  loading 

stand  holding  drier  to  funnel 
Potatoes  are  granulated  through  screen  (A)  by  hand  and 
drop  into  funnel  (D)  and  then  into  drier. 
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after  the  run  had  begun  the  following  temperatures  were  recorded: 

1)  The  temperature  of  the  inlet  air  to  the  drier  (T.C.  15) 

2)  The  tv;clve  temperatures  along  the  length  of  the  drier 
(T.C.  1-12) 

3)  The  wet  and  dry  bulb  temperature  of  the  air  leaving 
the  drier  (T.C.  13  &  l1*) 

Readings  were  made  at  appropriate  intervals  (usually  every 
half  hour).  The  rate  of  air  flow  was  metered  by  the  use  of  two 
wet  test  meters  in  parallel  on  the  outlet  of  the  drier.  After 
each  reading,  the  wet  test  Meters  were  checked  to  determine  if 
the  flow  rate  had  been  at  the  desired  value  during  the  previous 
tine  interval.  If  not,  the  necessary  corrections  were  made. 
These  wet  test  :.:oters  were  in  constant  operation  during  a  run 
except  when  the  air  was  diverted  from  them  to  the  humidity 
asuring  equipment. 

Humidity  measurement  consisted  of  opening  the  air  lino  to 
the  humidity  equipment  and  then  closing  the  lino  to  the  wet 
test  meters.  These  humidity  readings  usually  required  about 
30  seconds  and  were  nade  immediately  after  each  set  of  tempera- 
ture readings. 

Operations  After  Hun:  At  the  conclusion  of  a  run  the  top 
of  the  drier  \:as  removed  and  two  samples  of  the  potatoes  taken. 
The  first  sample  was  taken  by  emptying  the  top  inch  of  potatoes 
from  the  column  into  a  weighing  pan.  The  second  sample  consisted 
of  all  the  remaining  potatoes  which  were  placed  into  a  large 
weighing  pan.  The  moisture  contents  of  the  three  samples  (includ- 
ing the  initial  wet  sample)  were  gravimetrically  determined  by 
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drying  for  approximately  eighteen  hours  in  a  vacuun  (25"  Ilg) 
oven  at  160°  F. 

INTERPRETATION  OF  HH3ULTS 

In  this  study  there  was  one  basic  variable,  i.e.,  the  size 
of  the  granule  being  dried.  The  flow  rate  of  the  air  through 
the  bed  was  kept  constant  at  about  1.5  ft.Vainute,  at  a  tempera- 
ture of  90°  F.  and  at  an  inlet  humidity  of  about  seven  grains 
of  II20  per  pound  of  dry  air.  Three  preliminary  runs  were  made 
at  a  flow  rate  of  about  0.75  ft. ^/minute  which  was  found  to  be 
too  low  for  drying  measurements. 

Plate  X   shows  a  plot  of  rate  of  "zone"  movement  vs.  expected 
particle  diameter.  The  term  expected  particle  diameter  refers 
to  the  expected  diameter  which  would  result  from  granulating 
the  potatoes  through  a  screen  of  such  a  mesh  that  would  give  a 
particle  of  this  diameter  if  the  resulting  particle  were  s.lieri- 
cal  and  just  went  through  the  screen  opening. 

As  montioned  previously,  each  increment  of  the  "zone  of 
vaporization"  is  characterized  hy   a  temperature.  The  rate  at 
which  any  one  temperature  goes  through  the  column  is  then  equal 
to  the  rate  at  which  the  "zone"  moves  tiirough  the  column.  The 
rate  of  "zone"  movement  was  calculated  on  the  basis  of  the  rate 
at  which  a  temperature  of  30°  F.  went  tiirough  the  column  (see 
sections  on  Theory  and  Samplo  Calculations).  The  selection  of 
30°  F.  was  arbitrary. 


EXPLANATION  OF  PLATE  X 

Plot  of  rate  of  temperature  (30°  F.)  movement  through  column 
vs.  expected  particle  diameter. 

A.  Least  squares  regression  line  for  point3  shown 

oty-five  percent  confidence  limits  on  means 

C.  Ninety-five  percent  confidence  limits  on  individuals 
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Plate  X  significantly  indicates  that  as  .article  size 
increases  the  "zone"  moves  throu:;h  the  column  at  a  decreasing 
rate.  The  least  squares  regression  lir.e  (A)  shown  Tor  the  data 
nay  be  expressed  in  the  following  for.  : 

Hz  ■  3.91  -  O.MfD 

Where: 

H2  =  rate  of  "zona"  movement  (inches/hr.) 

D  a  expected  particle  diameter  (m.m.) 

The  calculation  of  the  amount  of  moisture  removed  from  a 
dried  section  involved  the  bull',  density  of  the  potatoes  in  the 
drier.  This  value  was  determined  by  calculating  the  weight  of 
wet  potatoes  filling  the  column  which  is  of  a  known  volume. 
These  values  of  the  bulk  density  of  wet  uncompressed  granules 
are  plotted  vs.  "expected  ^article  dia::ot;cr"  as  shown  in  Plate 
.  A  discussion  of  the  subject  of  compressed  and  uncompressed 
potato  granules  is  .resented  later  in  this  section,  i'ho  least 
squares  regression  line  for  the  points  shown  may  be  expressed 
as  follows: 

?B  =  0.2**6  -  0.013D 

Where: 

VB  a  :iulk  density  of  granules  when  wet  (approximately  60 

percent  water  -  wet  basis)  and  uncompressed  (gms./c.c.) 

D  m   Expected  particle  diameter  (m.m.) 
Combining  the  rate  of  "zone"  movement  with  amount  of  mois- 
ture removed  from  a  section  gave  the  rate  of  water  removal, 
so  results  are  seen  graphically  in  Plate  XII.  Since  the 


EXPIAUATIOIi  OF  PLATE  XI 

Plot  of  wet  bulk  density  of  potatoes  (based  on  a  full 
column  before  any  settling  or  compression  effects  have 
occurred)  vs.  expected  particle  dianeter 
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.  LAMTIOil  OF  PLATE  XII 

Plot  of  drying  rate  vs.  ejected  particle  size  uith  the 
least  squares  regression  line  for  the  points  shown 
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values  of  rate  of  "zone"  movement  showed  considerable  variation, 
these  points  are  also  rather  widely  spread.  A  least  squares 
regression  line  through  those  points  indicates  that  as  particle 
size  increases  the  rate  of  water  removal  decreases.  These 
results  may  be  expressed  as: 

^  =  0.663  -  0.<*9D 

Where: 

Rwr  =  ratQ  of  water  removal  (gms./min.) 

D   =  expocted  particle  diameter  (m.m.) 
These  results  are  in  agreement  with  the  wori:  of  Marshall  and 
Hougen  (5)  who  through-dried  extruded  sine  oxide  and  found  that 
increasing  diameter  decreased  drying  rate. 

The  previous  equation  would  not  be  very  useful  for  design 
work  of  any  kind  so  the  data  wore  recalculated  into  the  form 
shown  in  Plate  XIII  (weight  of  feed  dried  per  hour  vs.  expected 
particle  diameter).  The  equation  resulting  from  the  correlation 
shown  is: 

Rf  =  71.3  -  5AD 

Where: 

Rf  =  aate  at  which  wet  feed  is  dried  (gms.  feed/hr.) 

D  ■  Expected  particle  diameter  (...) 

Calculations  on  the  length  of  the  "zone  of  vaporization" 
indicate  that  the  length  of  the  "zone"  may  be  independent  of 
particle  size.  The  data  on  the  length  of  the  "zone"  is  sum- 
ized  below: 


EXPLAIIATIOri  OF  PLATE  XIII 

Plot  of  grans  of  wet  feed  dried  per 
hour  vs.  expected  particle  diameter 
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Expected  particle  diameter  (a.m. )   Averane  "zone"  length  (la.) 

1.01  10,03 

1.91  10.15 

3.13  10.34 

The  above  data  would  seen  to  indicate  that  the  length  of 
the  "zone"  tends  to  increase  as  the  expected  particle  diameter 
increases.  .lowever,  there  is  so  much  variation  from  run  to  run 
for  the  four  runs  comprising  each  average  that  statistically 
there  is  no  relation  between  particle  diameter  and  "zone" 
length  on  the  basis  of  these  data. 

There  were  three  preliminary  runs  which  did  not  have  ade- 
quate moisture  content  data  for  determination  of  the  drying  rate 
but  did  have  the  temperature  data  necessary  for  the  length  of 
the  "zone"  to  be  calculated.  These  runs  were  made  at  half  the 
air  flow  rate  of  the  main  body  of  runs  and  for  these  runs  it  was 
found  that  the  length  of  the  "zone"  was  no  different  from  the 
length  of  the  "zone"  found  at  higher  flow  rates. 

Allerton,  et  al  did  some  through-drying  work  on  a  porous 
bed  of  non-porous  particles  and  found  the  "zone"  length  of  the 
order  of  the  Magnitude  of  1/3  to  1/k   inch.  For  potato  granules, 
this  study  had  indicated  a  length  of  "zone"  of  the  order  of  one 
foot.  The  length  of  the  "zone"  aay  be  considered  as  the  length 
of  bed  needed  to  saturate  the  entering  air.  The   work  of  Aller- 
ton, et  al  was  with  non-porous  particles  and  hence  the  drying 
was  of  the  nature  of  evaporation  from  a  froe  liquid  surface  and 
very  little  length  of  bed  was  necessary  to  saturate  the  air. 
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Due  to  the  dissimilarity  between  the  velocity  of  drying  air  and 
particle  size  used  in  this  study  and  oho  one  made  by  Allerton, 
ot  al  a  comparison  of  the  two  is  not  entirely  feasible. 

It  might  be  expected  that  a  relationship  would  oxist  botween 
drying  rate  and  length  of  "zone."  As  the  rate  of  water  removal 
(drying  rate)  increases,  the  length  of  bed  required  to  saturate 
the  air  ("zone")  might  be  expected  to  decrease.  An  attempt  was 
made  to  verify  this  by  a  plot  of  rate  of  water  removal  vs. 
length  of  "zone."  However,  the  points  fell  in  such  a  wide 
scatter  that  it  was  unlikely  that  any  conclusions  could  be 
drawn  from  them. 

An  attempt  was  made  to  determine  the  nature  of  the  "zone 
of  vaporization"  from  the  humidity  data.  The  humidity  data 
were  also  used  for  material  balances.  BMMM  humidity  material 
balances  gave  the  amount  of  water  removed  during  drying  to  within 
plus  or  minus  15  percent  of  the  amount  determined  by  a  material 
balance  on  the  potatoes  removed  from  the  column.  However,  it 
was  found  that  there  was  too  much  discrepancy  between  the  plots 
of  humidity  of  outlet  air  vs.  time,  from  run  to  run,  to  evalu- 
ate the  nature  of  the  "zone."  It  is  felt  that  the  method  of 
evaluating  the  humidity  lacks  the  necessary  sensitivity  required 
for  an  accurate  study  of  this  nature. 

The  drying  rate  determined  by  this  method  is  primarily 
dependent  on  the  rate  of  "zone"  movement.  A  statistical  analy- 
sis on  the  data  was  made  and  is  shown  on  Plate  /C.  This  statis- 
tical analysis  was  felt  to  be  necessary  since  the  values  of  rate 
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of  "zone"  movement  showed  considerable  variation  for  a  given 
value  of  expected  particle  diameter.  It  is  believed  that  some 
of  this  was  due  to  a  possible  variation  in  the  bulk  density  from 
run  to  run. 

At  the  beginning  of  a  run  the  column  was  filled  to  the  top 
with  wet  potatoes.  At  the  end  of  a  run  when  the  top  of  the 
column  was  removed,  it  was  always  noted  that  the  level  of  the 
potatoes  had  dropped  considerably.  This  drop  v;as  attributed  to 
shrinkage  of  the  potatoes.  After  the  main  body  of  data  had  been 
taken,  it  became  evident  that  very  little  of  this  drop  was  due 
to  shrinkage.  The  drop  in  level  was  mainly  due  to  compression 
of  the  wet  bed  due  to  pressure  drop  through  it. 

It  partially  correct  for  this  a  run  was  later  made  to 
determine  the  magnitude  of  this  effect.  It  was  determined  that 
when  the  air  was  first  applied  the  bed  started  to  compress. 
Somewhere  between  one  and  two  minutes  after  the  run  began,  the 
bed  ceased  compressing  and  remained  at  virtually  the  same  volume 
for  the  remainder  of  the  run.  The  bed  was  initially  Ik   indies 
in  depth  when  the  top  was  placed  on  It.  After  the  bed  had 
stopped  compressing,  it  was  10  inches  in  depth. 

It  was  also  noted  that  when  the  granules  had  been  placed 
in  the  drier  any  shock  such  as  would  occur  in  handling  also 
tended  to  reduce  the  volume  of  the  bed  since  the  method  of 
filling  the  column  left  a  very  loose  packing. 

An  example  may  serve  to  illustrate  this  point.  Consider  a 
bed  of  material  being  dried.  Consider  that  the  bed  is  10  inches 


51 


long,  the  "zone  of  vaporization"  is  very  short  (so  that  the 
length  of  the  "zone"  nay  be  neglected)  and  the  air  drying  the 
material  is  of  such  a  nature  that  the  material  will  be  dried  in 
10  hours.  Since  the  "zone"  must  entirely  traverse  the  bed,  the 
"zone"  will  move  at  a  rate  of  one  inch  per  hour.  Now  consider 
that  the  bed  is  compressed  to  only  five  inches  in  length  while 
having  the  same  moisture  content  and  amount  of  material  as  before. 
Again  since  the  same  amount  of  moisture  must  be  removed  the  dry- 
ing time  will  be  10  hours.  However,  this  time  the  rate  of  "zone" 
movement  will  be  one-half  inch  per  hour.  Hence,  any  variation 
in  the  depth  of  the  bed  from  run  to  run  will  affect  the  rate  at 
which  the  "zone"  movos  through  it. 

When  the  runs  were  made,  the  importance  of  this  effect 
was  not  realized  and  in  many  cases  the  bed  may  have  been  com- 
pressed more  than  four  inches.  .Then  a  run  was  made  the  drier 
was  filled  and  placed  in  position  for  the  run  but  the  inlet  air 
line  was  not  connected.  The  air  flow  was  started  at  a  rate 
approximately  equal  to  the  desired  flow  rate  through  bed  when 
the  drier  was  placed  in  the  line.  The  drier  was  then  placed  in 
the  system  and  the  flow  rate  was  brought  to  the  desired  value. 
In  some  instances  it  is  possible  that  the  initial  flow  rate  may 
iiave  been  higher  than  the  desired  one  and  hence  more  compression 
of  the  bed  may  have  resulted.  The  compression  of  four  Inches 
was  determined  from  data  on  a  run  that  was  started  at  a  very  slow 
flow  rate  and  then  brought  up  to  the  desired  flow  rate  to  prevent 
any  of  this  "overcompression." 
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Plato  X  shows  two  sots  of  confidence  Units.  The  inner  set 
of  limits  on  ueans  and  the  outer  set  is  on  individuals.  For  the 
limits  on  means  the  chances  are  95  out  of  100  that  the  true 
average  rate  of  movement  falls  within  the  limits  shown  for  any- 
given  value  of  expected  particle  diameter.  Fop  the  limits  on 
individuals  a  similar  statement  holds  for  the  true  rate  of  move- 
ment for  an  individual  run  with  a  given  value  of  expected 
particle  size. 

j)he  equations  for  these  confidence  intervals  are  as  follows: 

C.I.Qr;(neans)  =  Y  +  (sy.x)(t9?)  J  -  +  ^*- 


((~^Viaeaxiay  -  x  t  y, aj'  —w  V  ^<)ly  \i    ~   — 5s — 2" 


C.I. .^(individuals)  =  Y  +  (syx)(t0(j)   1  +  A  +  %££- 

(See  Statistical  Calculations  for  a  complete  explantion  of  the 
symbols.) 

In  the  above  equations  Y  represents  the  estimated  value 
of  Y  (in  this  case  rato  of  movement)  correspon     to  a  given 
value  of  X  (expected  particle  size).  5y,x  represents  the  stan- 
dard deviation  from  regression  and  it  is  unlihcly  that  further 
runs  would  change  its  value  much  from  the  one  it  has  for  these 
data.2  tncj  is  a  constant  dependent  on  the  number  of  runs  but 
even  then  it  is  practically  a  constant. 


1Doctor  H.  C.  Fryer  -  Personal  Communication. 
2Doctor  II.  C.  Fryer  -  Personal  Communication. 
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For  t;    nerval  on  means,  the  quantity  under  the  square 
root  sign  would  decrease  quite  a  bit  as  the  number  of  runs 
increased.  This  would  result  in  a  narrowing  of  the  confidence 
interval. 

For  the  limits  on  individuals,  the  function  of  sample  size 
under  the  radical  has  a  one  added  to  it,  and  hence,  increasing 
the  number  of  runs  would  do  very  little  to  narrow  down  the 
confidence  interval. 

In  the  event  that  these  data  were  to  be  used  for  design 
work  of  any  sort,  it  would  be  necessary  to  use  a  safety  factor 
that  would  include  all  possibilities.  It  is  not  sufficient  to 
just  base  the  safety  factor  on  the  confidence  interval  on  means 
but  it  must  be  based  on  the   confidence  interval  on  individuals 
since  if  one  individual  were  to  have  a  rate  of  movement  slower 
than  the  unit  was  designed  for  serious  consequences  would  result 
and  this  would  be  quite  likely  if  the  confidence  interval  or 
an  was  used  as  a  basis  for  the  safety  factor. 

It  was  stated  previously  that  it  is  rather  unlikely  that 
sy*x  would  be  changed  very  much  with  an  increase  in  the  number 
of  runs.  This  holds  true  if  lore  runs  of  a  similar  type  were 
made.  At  the  time  the  runs  wero  made  it  was  not  known  what 
factors  were  causing  the  rather  wide  variations  in  the  points 
(and  high  value  of  syoc)  and  therefore  it  was  decided  that  from 
a  practical  viewpoint,  since  sy«x  and  the  confidence  interval 
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on  individuals  could  not  be  reduced  much,  that  an  increased 
number  of  runs  was  not  justified. 

SUMMARY.  OF  RESULTS 

The  main  variable  studied  was  the  effect  of  particle  size 
on  the  rate  of  drying  of  potato  granules  which  are  being  thror. 
dried.  It  was  concluded  from  this  study  that  the  rate  of  drying 
decreased  as  particle  size  increased.  This  is  in  agreement 
with  other  work  on  through-drying.  It  was  also  shown  that  the 
length  of  the  "zone  of  vaporization"  may  be  independent  of 
particle  size  and  flow  rate  of  the  drying  air.  It  also  appeared 
that  taere  was  a  ;;ood  deal  of  variation  in  drying  rate  from  run 
to  run  for  a  given  "expected  particle  size,"  however,  the  increas- 
ing trend  in  drying  rate  as  particle  size  decreased  was  quite 
evident. 

This  study  has  shown  that,  while  some  refinements  are 
undoubtedly  necessary,  this  method  of  determining  drying  rates 
for  through-drying  is  a  satisfactory  one.  The  equipment  for 
the  determination  of  the  humidity  of  the  air  leaving  the  drier 
lacked  sufficient  sensitivity  ^o  give  accurate  enough  data  for 
the  determination  of  the  nature  of  the  "zone  of  vaporization." 

RECOMMENDATIONS  FOR  FUTURE  WORK 

For  actual  design  calculations  on  a  pilot  plant  drier  using 
the  principles  of  through-drying,  it  would  be  desirable  to  have 
data  on  the  other  variables  affecting  the  drying  rate,  i.e.,  air 
flow  rate  and  temperature  of  the  inlet  air. 
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An  exact  idea  of  the      9f  occurring  in  each  "increment" 
of  the  "zone  of  vaporization"  itself  might  well  bo  the  starting 
point  for  the  determination  of  the  mechanises  involved  in  the 
drying  of  potatoes.  Xo  this  end,  it  would  be  well  to  work  on 
a  very  accurate  method  of  determining  humidity  of  the  air  leaving 
the  drier. 

It  is  felt  that  a  great  deal  of  the  variation  in  the  rate 
of  "zone"  movement  through  the  column  may  bo  due  to  a  non- 
uniformity  of  bulk  density  from  run  to  run.  Also,  some  shrink- 
age occurs  during  drying.  Another  factor  responsible  for  this 
spread  may  be  the  fact  that  there  were  insufficient  points  on 
the  temperature  gradient  to  get  an  exact  idea  of  the  true  nature 
of  the  gradient,   i'his  would  be  due  to  a  lack  of  sufficient 
thermocouples  on  the  column.  Also,  use  of  a  more  sensitive 
temperature  measuring  device  might  be  invaluable. 

There,  for  a  thorough  investigation  into  the  possibilities 
of  this  method  of  determining  drying  rates,  the  following  changes 
are  recommended. 

1)  The  :.:atorial  to  be  dried  should  be  such  that  no  com- 
pression or  shrinkage  could  occur  (e.g.,  carefully 
screened  pumice  soaked  in  water). 

2)  Use  a  column  having  perhaps  two  or  three  thermocouples 
per  inch. 

3)  Use  a  more  sensitive  temperature  measuring  device. 
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OUTLINE  OF  CALCULAIIO 

.enclature: 

1)  Wet  potatoes:  Potatoes  at  the  moisture  content  at 
which  they  were  fed  into  the  drier. 

2)  Dry  or  dried  potatoes:  Potatoes  at     .  xlsture 
content  they  would  be  after  bt     rocecsod  by  t 
drier  (i.e.,  a  moisture  content  lower  than  that  of 
the  potatoes  fed  bu     uer  than  Lone  dry). 

3)  3one  dry  potatoes:  Potatoes  which  haw  a  ~ero 
moisture  content, 

1)  Calculation  of  water  removed  based  on  the  weight  of  dried 
potatoes  removed  from  drier  at  the  end  of  a  run: 

c  dried  potatoes  removed  from  bhe  drier  were  split 
into  two  parts.  A  small  portion  from  the  top  of  the  drier 
is  placed  in  a  small  welshing  pan  as  the  "dried  sample,11 
the  remaining  j  otatoes  1j    i  drier  are  placed  in  a  larger 
weighing  pan  and  are  termed  "remaining  sample."   Tliese  two 
samples  are  taken  because  the  upper  section  of  the  |  otatoes 
is  completely  dried  while  the  remainder  is  still  not  quite 
dry. 

Jhe  weight  of  dried  potatoes  removed  from  the 
drier  and  the  moisture  content  changes  that  have  occurred 
during  drying,  the  amount  of  water  removed  iuring  drying  is 
calculated. 
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2)  Calculation  of  water  removed  based  on  humidity; 

A  knowledge  of  the  humidity  c    s  of  the  air  going 
through  the  drier  as  a  function  of  time  and  the  amount  of 
air  going  through  the  drier  during  the  run  rives  an  alterna- 
tive method  of  determining  the  amount  of  water  leaving  the 
drier.  Having  this  value,  a  ch     ay  be  made  on  the  amount 
of  air  removed  as  calculated  in  (1). 

3)  Calculation  of  rate  at  which  the  "zone  of  vaporization" 
moves  tiirough  the  column: 

This  forms  the  basis  of  the  calculation  for  the  rate  of 
drying  and  is  explained  in  detail  in  calculation  (13). 

k)   Calculation  of  drying  rate: 

ving  the  bulk  density  (  PB)  of  the  -..    ;tatoes  - 
into  the  drier,  the  weight  of  wet  potatoes  in  the  uppermost 
one  inch  section  of  the  bed  may  be  calculated.  Si.ce  the 
final  weight  of  dried  potatoes  rciaining  in  this  section  may 
be  found,  it  is  possible  to  calculate  the  amount  of  water 
removed  from  this  section,  (This  upper  one  inch  section 
is  used  because  it  is  a  portion  of  the  potatoes  that  is 
completely  dried,)  Combining  the  amount  of  water  removed 
with  the  rate  at  which  the  "zone  of  vaporization"  laovos 
through  the  c  >lumn,  the  drying  rate  can  be  found, 

5)  Calculation  of  the  length  of  the  "zone  of  vaporization": 

i  ill  as  been  previously  discussed  in  section  on  Theory 
and  also  in  calculation  (20). 
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Sample  Calculations 
All  calculations  are     ton  IV 

eessary  data: 

1.  fhe  temperature  data  given  on  page  81 

2.  ihc  moisture  content  data  on  x;age  ®+ 
3»  The  humidity  data  on  page  86 

h»   The  air  leaving  the  wet  test  ::ieter  was  at  70°  F. 

and  was  assumed  saturated  with  H  =  0*0253  #  mole  H2O  / 
#  mole  dry  air. 
5.  The  air  entering  the  drier  had  a  humidity  of 
H  =  7  grains  H20/#  dry  air. 
1)  Moisture  content  of  undried  sample: 
..'ct  weight  =  full  Might  -  empty  weight 

=  l6.i+007  -  6.3725  =  9.5282 
Dry  weight  ■  dried  weight  -  empty  weight 

=  10.  M7  -  6*8725  =  !+.0692 

;isture  weight  =  wet  weight  -  dry  weight 

=  9.5232  -  ^.0692  =  5.*+590 

Percent  il20  (wet  basis)  =  (moisture  weijht/wet  weight)  100 

m   14190  =  ^7.3* 

Gm.  h20/gm.  D.3.  =  moisture  weight/dry  weight 
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2) 

Weight  of  dried  potatoes  removed  from  drier 

=  weight  in  dried  sample  +  weight  in  remaining  sample 

=  7.hQ   +  116.8  ■  12*4-. 23 

3) 

Weight  of  bone  dry  potatoes  from  drier 

weight  of  DOtatoes  removed  from  drier 
=       v/eieht  of  dried  DOtatoes 
unit  weight  D.S. 

=  12>t23  =  )i.     1S. 
0.519-1 

h) 

Weight  of  wet  potatoes  fed  into  drier 

=  (weight  of  bone  dry  potatoes  from  drier) 

f           weight  wet  ootatoes     \ 
kunit  weight  bono  dry  potatoes^ 

=  (8X#82)(X.3^  +  1)  =  191.622 

5) 

Weight  of  moisture  removed  by  drying 

=  weight  wet  potatoes  fed  in  -  weight  dry  potatoes 

ronoved 

=  191.622  -  12W.28  =  67.3^2  gm.  Ii20  removed 

6) 

iiean  humidity  of  air  leaving  drier  -  humidity  of  entering  air 

graphical  integration  of  plot  of  humidity 
■         vs.  time  (Plate  XIV) 

total  ti 

humidity  of  entering  air 

=  if9  -  7  =  1*2  grains  H20/#  dry  air 

=  0.00966  #  moles  of  H20/#  moles  dry  air 
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7)  Total  moles  of  saturated  air  leaving  wet  test  rioters 

total  volume  of  air  leavim;  wet  tost  meters 
=   volume  of  one  mole  of  gas  at  operating 
.perature  and  pressure 

=  "'^^i'™'  ■  3-323  moles  wet  air 
359xit^2Z2 

3)  Total  moles  of  dry  air  leaving  vet  test  meters 

-  total  volume  wet  air  leaving  wet  test  motors 

moles  wet  air 
moles  dry  air 

=  0t02*j?l   i  "  °*8°3  #  ^oles  dry  air 

9)  Total  moles  of  wet  air  leaving  drier  -  moles  water  entering 

drier 

=  (total  moles  dry  air  leaving  wet  test  meter) 
[  can  humidity  leaving  drier  -  humidity 
entering  drier)  +  13 

=  0,303  (0.00966  +  1)  =  0.811  #  moles 

10)  Total  moles  of  water  removed  from  potatoes 

■  (total  moles  wet  air  leaving  drier  -  total 
moles  water  in  air  entering  drier)  -  total 
moles  dry  air 

=  0.811  -  0.303  ■  0.003  #  moles  H20 

11)  Total  weight  of  water  removed  from  potatoes 

■  total  moles  water  removed  x  molecular  weight 
=  (0.003) (13) (H5*0  =  65.376  gms.  H20  removed 
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12)  Material  balance  deviation 

weight  H2O  removed  (basod  on  humidity)  - 
weight  II2O  r&moved  (based  on  dried  potatoes 

=  removed) x  1 00 

weight  II20  renoved  (based  on   dried  potatoes 

removed) 

13)  Hate  at  which  temperature  gradient  moves  down  column: 

This  value  is  determined  by  making  a  plot  of  tem- 
perature vs.  time  (Plate  XV)  for  the  thermocouples  k  •  3. 
From  this  plot  the  time  at  which  each  thermocouple  reached 
80°  F.  may  be  determined.  These  values  are  given  below. 

Thermocouple     rime  required  to  reach  80°  F.  (hrs.) 

8  0.325 

7  1.000 

6  1.375 

?  1.700 

*  1.900 

The  values  given  above  may  be  plotted  (Plate  XVI) 

as  thermocouple  number  vs.  time.  Theoretically  the 

points  should  fall  in  a  straight  line  but  since  this  was 

rarely  the  case,  a  straight  lino  was  fitted  to  it  using 

the  method  of  least  squares  (see  following  section  of 

Statistical  Calculations).  Since  these  thermocouples  were 

placed  one  inch  apart,  the  resulting  slope  gives  the  rate 

at  which  the  gradient  moved  through  the  bed  in  in./hr.  For 

this  run,  the  value  was  found  to  be  b  =  3.*f67. 
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Ik)   Bulk  density  of  wot  sample: 

The  drier  was  filled  to  the  top  with  wet  potatoes.  This 
means  the  volume  occupied  was  722  c.c.  From  a  previous  cal- 
culation (k),   the  weight  of  wet  potatoes  fed  is  found  to  be 
191.62  £.  . 

PB(wet)  =  ^162  =  0.265  gms./c.c. 

However,  previous  discussion  has  indicated  that  during 
the  run  Itself  the  actual  volume  has  been  decreased  due  to 
the  compression  effect  caused  by  the  pressure  drop  and  hence 
the  bulk  density  must  be  corrected  for  this  change  in  volume. 
Length  of  bed  before  compression  =  llf  inches 
Length  of  bed  after  compression  =  10  inches 
vB(WGt  and  corrected)  ■  0.265  x  ^5  =  0.371  gms./c.c. 

15)  cljht  of  wet  potatoes  in  one  inch  section  of  drier 

=  volume  (c.c. /one  inch  soction)(9B) 
m   51.6  x  0.371  ■  19.15  gms.  wet  potatoes 

16)  Weight  of  bone  dry  potatoos  in  one  inch  section 

=  (weight  wet  potatoes)  weight  bone  dry  potatoes 

unit  weight  wet  potatoes 

• 

=  ]_  3^2  »  1  ™  ^*1^  enS*  b0ne  ^  P°tatoQS 

17)  Weight  of  dried  potatoes  remaining  in  this  section 

.  weight  bone  drv  potatoes  in  this  section, 
=        weight  dried  potatoes 
unit  weight  D.  G. 

■  8.19  (0.0^5  +  1)  =  3.55  gms.  dried  potatoos 
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13)  Weight  water  romoved  from  this  section 

■  might  potatoes  in  -  weight  potatoes  out 
=  19.15  -  .   =10.60  gins.  II20  removed/inch 

19)  Rate  of  water  romoval 

=  (slope  (b)  ) (water  reaoved/inch) 

=  (3.**67  in./hr.)(10.60  gms.  II2O  removed/in.) 
(1  hr./6o  rain.) 

=  0.6l^  gns.  1^0  renoved/min. 

20)  Rate  of  drying  of  wet  material 

=  (amount  of  wet  material  dried/in, )( rate  of  "zone" 
movement  (ln.hr.)  ) 

=  (19.15) (3A67)  "  66*5°  gras./hr. 

21)  Length  of  "zone  of  vaporization": 

It  is  assumed  that  the  length  of  the  "zone"  is  tho 
distance  between  the  point  of  lowest  temperature  and  the 
point  of  highest  temperature.  Ilowevor,  the  length  of  the 
"zone"  was  generally  found  to  bo  very  close  to  the  length 
of  the  bed  such  that  at  the  time  the  lowest  temperature 
was  near  the  bottom,  the  final  dried  temperature  was  not 
yet  inside  tho  column.  However,  by  knowing  (a)  the  position 
of  the  lowest  temperature  (T.)  at  time  "1",  (b)  the  position 
of  the  high  temperature  (T.J  at  time  "2",  and  (c)  the  rate 
at  which  tho  gradient  goes  through  the  column,  it  is  possi- 
ble to  calculate  the  length  of  tho  "zone"  as  follows: 

From  the  temperature  data  on  page  81,  at  10:30  it  is 
found  that  the  Til(57°  F.)  is  at      ^couple  position  3« 
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Two  hours  later  TH(37°  P»)  firat  appeared  at  thermocouple 
position  5,     Fhua,  two  hours  aft or  the  lower  end  of  t 
"zone"  ua3  at  position  3»  the  top  end  of  ;  c  "zone"  was  at 
position  5>  two  lnc/.os  abovo  position  3  while  the  entire 
"zono"  was  warring   at  a  rate  of  3.^7  in./hr. 

Length  of  "zone"  =  2  x  3-*+67  ♦  2,0  =  .  .:';■  in. 

Statistical  Calculations 

1)  Calculation  of  least  square  regression  coefficient  for  the 
rato  of  temperature  movement  tlirough  the  drior. 
0  data:      (fron  calculation  (13)   ) 

— j& —  — X — 

.  25  3 

1.000  7 


L375 

1.700 
1.900 

b  (slope) 


I 


JLa 


UP 


n 


Ix2  =   I(x2)  -  LL&l 

n 


2 


tftt      I  *  summation 

n  =  number  of  point!  being  considered 
2::--  =  37*95  -  <MQ)X3P«0.).  =  -2. 


Z::2  ■  10.07  -  (6«jQ)'~  m   0.322 
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The  slope  (b)  jogs  thro       E  and  Y  means  of  I.36  and  6.0. 
2)  Calculation  of  regression  coefficient  usod  to  correlate 
rate  of  "zone     oaont  with  expected  particle  diameter 
(•hown  in  Plato 
The  data: 

X  (^article  diameter  m.m.)   Y  (rate  i,i./hr.) 

1.01  3.69 

1.91  3.29 

3.13  3.20 

1.03  3.*+7 

1.91  3.39 

3.13  2.27 

1.01  3.10 

3.13  2. 1+9 

1*91  3.11 

3.13  I.73 

1.91  2.63   . 

1.01  3.20 

H=  2k.k  TY  =  36.16 

EX2  =  59.122lf  EY2  ■  113.010 

r  n  ■  69.330^ 

Zy2  ■  113.010  -  ^^16)2  _  1^79 

I  x2  =  59.i22if  .  &.h)2  m  9#5091 

Izy  ■  69.330^  -  (^tW.16,16)  s  _iul95 

b  *  £$$  -  *** 

This  value  of  (b)  passes  through  the  X  and  X  neans  of  2.03 
and  3.01. 
3)  Calculation  of  95  percent  confidence  II  litf  on  the  mean  value 
of  rate  of  temperature  movement  for  a  given  value  of  particle 
size. 
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C.I.9£  =  ::  ±  (syocHtp^)  x 


1+  U   -  *)2 

Ex2 


sy«  3t  ■ 

Xv2  ..  (£^yr 
1x2 

N 

n-  2 

Where* 

Y  ■  value  of  rate  found  from  the  curve  on  Plate  X 

8  =  nean  value  of  X 

X  ■  X  coordinate  of  the  point  at  which  Y  was  estimated 

C.I.Qj?  a  95,^  confidence  limits 

sy»x  «  standard  deviation  from  regression 

t^5  ■  a  constant  depending  on  the  number  of  points  and  probability 
level  being  used  (in  this  case,  95 

From  the  preceding  calculation  the  value  of  Ix^,  X  y>  and 

sy»x  are  found: 


sy...  ■ 


9.i?091  =  0.1+683 
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For  the  point  where  X  »  1.01  and  Y  *  3.^:   (From  Plate  X) 


CI. 95  =  3.M+  ±  (o.*+633)(2.22:)   -1  ♦  (2t03  -If01)2 
'^  \J  12      9«?091 

=  3.9*+  and  2.91+ 
By  similar  calculations: 

X  C»I«or 


2.03 
3.05 


3.36  and  2.71 
3.0^  and  2.03 
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k)   Calculation  of  r;5  percent  confidence  limits  on  individual  values 
of  rate  for  a  given  value     .  tide  size.  This  calculation 
is  the  sane  as  for  tho  .receding  one  except  that  the  function 
of  sample  size  under  the  radical  has  a  one  added  to  it. 


G.I. Qcr  ■  I  ±  (sy.x)(tQt?) 


1  + 


i  +  u  -  *?: 


>95-  XX  W^M^J   \|X  "  H  ^    £^2 

The  resulting  data  are: 

JL  c,I'y? 

1.01  ^»71  and  2.21 

2.03  **.20  and  1.32 

3.05  . Jl  and  1.31 

5)  Calculation  of  95  percent  confidence  li  .its  on  the  true 
slope  of  the  least  squares  regression  line  (A)  in  Plate 

b  =-0.V+12  (slope  of  lino  A  -  Plate  X) 
sy.x  ■  0.^683  (from  calculation  3) 
Ex2  ■  .  y)i 

sb2  =  iWf  ,  OA633)2  _ 

x2~  -  9.5091   "  0*02311 

sb  =  0.152 

C.I.9?  =  -O.Mfl2  |  (t9!j)(sb) 

=  -0.¥tl2  ±  0.3336 

=  -0.7793  to  -0.1026 

6)  Calculation  of  tpprcHCl       ber  of  runs  necessary  to  give 
95  percent  confidence  Halts  on  true  slope  of  line  A  -  Plate  X 
to  +  0.0533. 
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C.I.9?  =  -O.M*12  ±  0.0588 

=  -0.1*12  ±  (t95)(sb) 

Assuming  that  tyj  is  approximately  2.00  and 

that  sy.x 

does  not  change  due  to  increasing  runs 

(t95)(sb)  =  0.0538 

•b  -  ^  -  °m  -  *■* 

sb2  =  0.00036lf 

*  Csv.,)2 

Sh  ■   y  •* — 

1.2  s  (Sy.^2  =  (0.0^688)2  _  _  h 
sh2            0.00036U- 

If  all  the  new  runs  are  made  such  that  only 

the  same  three 

values  of  the  expected  particle  diameter  are 

i  used  and  that 

at  each  of  these  values  there  are  the  same  number  of  Y. 

values,  Ix2  will  be  linear  with  the  number 

of  runs.  For 

12  runs  SL  x2  =  9.5091. 

^'jffi*  *  0.792^  units  of  Ix2/run 

Number  of  runs  ■  ^V  ■  321  runs 

Q.792h 

Actually  the  value  of  t<^  used  was  only  an  approximation  of 

the  correct  value  but  this  calculation  gives 

an  approximate 

idea  of  the  necessary  number  of  runs. 
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Through-drying  is  a  little  used  but  quite  efficient  method 
for  drying  a  granular  material.  There  appears  to  be  no  published 
data  on  this  method  as  applied  to  the  preparation  of  dehydrated 
:ato  granules. 

xhere  were  two  main  objectives  in  this  study.  The  first 
was  to  evaluate  some  of  the  through- drying  charactei'istics  of 
potato  granules  for  possible  use  in  a  pilot  plant  scale  dehy- 
drator.  The  main  variable  studied  v.'as  the  effect  of  particle 
size  on  through-drying  rates  and  the  length  of  the  "zone  of 
vaporization."  The  second  objective  was  to  determine  the 
effectiveness  of  i         >d  of  evaluating  the  aforementioned 
drying  characteristics. 

As  dry  air  is  blown  through  a  bed  of  wet  granular  material, 
a  "zone  of  vaporization"  la  set  up.  This  "zone"  may  be  best 
visualized  as  a  length  of  bed  required  for  the  saturation  of 
the  dry  air  enteri..    I  bed.  /.ach  portion  of  the  "zone"  is 
characterized  by  a  temperature  (which  is  constant  for  a  constant 
flow  rate,  humidity  and  temperature  of  the  entering  air).  As 
drying  proceeds,  this  "zone"  (and  its  temperature  gradient) 
moves  through  the  column. 

The  rate  at  which  drying  occurs  is  r.icrely  the  rate  at 
which  the  "zone"  :.:oves  thro     .e  column  tl^es  a  factor  which 
is  dependent  on  the  amount  of  moisture  removed  from  a  portion  of 
the  material  as  the  "zone"  moves  entirely  through  this  portion. 

The  rate  of  "zone"  movement  was  determined  by  the  use  of  a 
column  to  which  twelve  thermocouples  were  attached.  Wet  potatoes 
were  placed  in  this  column  and  dry  air  blown  through  it.  The 


rate  of  "zone"  movement     cternined  from  the  rate  of  movement 
of  the  temperature  jradient  sot  up  in  the  "zone." 

As  air  passes  through  the  dried  portion  of  the  bed,  its 
temperature  remains  constant.  As  this  air  enters  the  top  of 
the  "zone,"  its  temperature  starts  to  drop  due  to  the  evapora- 
tion of  water,  x'he  air  leaving  the  bottom  of  the  "zone"  is 
considerably  cooler  than  eke  entering  air  and  this  temperature 
remains  virtually  constant  as  the  now  saturated  air  passes 
through  the  wet  bed  and  out  of  the  column.  The  length  of  the 
"zone"  is  merely  the  depth  of  bed  between  the  point  where  the 
air  begins  to  cool  and  that  at  which  it  becomes  no  cooler. 

.Jach  "increment"  of  the  "zone"  contributes  a  given  amount 
of  moisture  to  the  final  saturation  of  the  air.     .  on  the 
humidity     o  outgoing  air  from  the  drier  as  the  "zo.ie" 
leaves  the  bed  would  give  an  idea  as  to  the  nature  of  the 
"zone,"  Using  a  device  to  measure  the  wet  and  dry  bulb  temper- 
atures of  the  air  leaving  the  drier,  an  attempt  was  made  to 
obtain  this  humidity  data.  It  was  found  that  this  device 
lacked  the  sensitivity  to  clve  meaningful  data. 

This  study  has  shown  that  for  given  inlet  conditions  of 
the  drying  air,  the  drying  rate  increases  as  the  particle  size 
decreases.  This  is  in  agreement  with  other  work  of  a  similar 
nature.  Several  runs  were  made  at  a  lover  flow  rate  than  the 
main  body  of  runs  and  these  data  indicate  that  the  length  of 
the  "zone  of  vaporization"  is  independent  of  flow  rate.  The 
data  from  the  main  body  of  runs  indicate  that  the  length  of  the 


"zone  of  vaporisation"  ziay  bo  independent  of  particle  size 
within  the  ra.i£0  of  sizes  used  in  this  study. 


